Hearing loss is a widespread condition that is linked to declines in quality of life and mental health. Hearing aids remain the treatment of choice, but, unfortunately, even state-of-the-art devices provide only limited benefit for the perception of speech in noisy environments. While traditionally viewed primarily as a loss of sensitivity, hearing loss is also known to cause complex distortions of sound-evoked neural activity that cannot be corrected by amplification alone. This Opinion article describes the effects of hearing loss on neural activity to illustrate the reasons why current hearing aids are insufficient and to motivate the use of new technologies to explore directions for improving the next generation of devices.
Hearing Loss Is a Serious Problem without an Adequate Solution
Current estimates suggest that approximately 500 million people worldwide suffer from hearing loss [1] . This impairment is not simply an inconvenience: hearing loss impedes interpersonal communication, leads to social isolation, and has been linked to increased risk of cognitive decline and mortality. In fact, a recent commission identified hearing loss as the most important modifiable risk factor for dementia, accounting for nearly 10% of overall risk [2] .
Despite the severe consequences of hearing loss, only 10-20% of older people with significant impairment use a hearing aid [3] . Several factors contribute to this poor uptake (psychological, social, etc.) , but one of the most important is the fact that current devices provide little benefit in noisy environments [4] . The common complaint of those with hearing loss, 'I can hear you, but I can't understand you', is echoed by hearing aid users and non-users alike. Inasmuch as the purpose of a hearing aid is to facilitate communication and reduce social isolation, devices that do not enable the perception of speech in typical social settings are inadequate.
What Does the Ear Do? The Simple Answer: Amplification, Compression, and Frequency Analysis
The cochlea transforms the mechanical signal that enters the ear into an electrical signal that is sent to the brain via the auditory nerve (AN; Figure 1A ). Incoming sound causes vibrations of the basilar membrane (BM) that runs along the length of the cochlea. As the BM moves, the inner hair cells (IHCs) that are attached to it release neurotransmitter onto nearby AN fibers to elicit electrical activity ( Figure 1B ).
Weak sounds do not drive BM movement strongly enough to elicit AN activity and, thus, require active amplification by outer hair cells (OHCs), which provide feedback to reinforce the passive movement of the BM ( Figure 1B) . The amplification provided by OHCs decreases as sounds become stronger, resulting in a compression of incoming sound. This compression enables sound levels spanning more than six orders of magnitude to be encoded within the limited dynamic range of AN activity ( Figure 1C , black lines).
Highlights
Hearing loss is now widely recognized as a major cause of disability and a risk factor for dementia, but most cases still go untreated. Uptake of hearing aids is poor, partly because they provide little benefit in typical social settings.
The effects of hearing loss on neural activity in the ear and brain are complex and profound. Current hearing aids can restore overall activity levels to normal, but are ultimately insufficient because they fail to compensate for distortions in the specific patterns of neural activity that encode acoustic information, particularly in the context of speech.
Recent advances in electrophysiology and machine learning, together with a changing regulatory landscape and increasing social acceptance of wearable devices, should improve the performance and uptake of hearing aids in the near future.
